Ether-laparotomy stress produced a rapid increase in rat hypothalamic CRF concentration, followed by a rapid reduction and subsequent increase. Cold-restraint stress significantly reduced hypothalamic CRF concentration at 15 min after stress onset.
ponses in the medulla oblongata were not similar to the hypothalamic CRF responses.
Norepinephrine concentration in the hypothalamus was reduced, whereas dopamine concentration in the hypothalamus and medulla oblongata was significantly increased.
Epinephrine concentrations in these tissues did not show any significant change throughout the stress period. The observations lead to the following conclusions: hypothalamic CRF plays a major or role in stimulating ACTH secretion under acute stress; the reduction in hypothalamic CRF is due to an excess release in the early phase of acute stress; hypothalamic CRF and medulla oblongata CRF are controlled by different mechanisms; norepinephrine in the hypothalamus may not be involved in stimulating hypothalamic CRF secretion in the early phase of acute stress; and catecholamines are regulated differently in the hypothalamus and medulla oblongata.
Since Vale et al. (1981) and Rivier et al. (1983) reported on sequence analysis and synthesis of 41-residue ovine and rat hypothalamic peptides (ovine and rat CRF), many investigators have used synthetic ovine and rat CRF. Some reports have shown the possible involvement of CRF, vasopressin and catecholamines as mediating factors in stress-induced ACTH secretion (Rivier et al., 1983; Bruhn et al., 1984; Labrie et al., 1984; Axelrod and Reisine, 1984) . Some investigators have reported that the CRF-induced ACTH release at the pituitary is potentiated by catecholamines (Vale et al., 1983; Labrie et al., 1984; Murakami et al., 1984) . In addition, Fisher et al. (1982) reported that centrally administered CRF increased the sympathetic outflow to affect the cardiovascular function, and Valentino et al. (1983) reported on the relationship between CRF and noradrenergic neurons of the locus coeruleus in the medulla oblongata. But it is unclear whether catecholamines stimulate or inversely inhibit the release of hypothalamic CRF (Hillhouse et al., 1975; Ganong, 1980; Fehm et al., 1980; Tate et al., 1983; Smythe et al., 1983; Maickel and Martel, 1983) , and little is known about time course changes in brain CRF and catecholamine concentrations during stress and their interaction.
Therefore, in the present study, we observed changes in CRF and catecholamine concentrations in the hypothalamus and medulla oblongata, the sympathetic nervous center, of rats after acute stress using rat CRF radioimmunoassay and ion-pairing reversephase high performance liquid chromatography (HPLC) with amperometric detection. was 1.5ml/min, applied voltage was 0.75V on the detector electrode and the strip chart speed was 5mm/min. In these conditions, the intraassay coefficient of variation was 9.2% and the interassay coefficient of variation was 12.8%. The assay sensitivities of norepinephrine, epinephrine and dopamine were 10pg, 10pg and 15 pg, respectively. Fig. 1 shows the chromatographic resolution of norepinephrine, epinephrine, dopamine and DHBA from the standard solution and extracted sample.
Measurement of serum ACTH and corticosterone Serum ACTH was measured by radioimmunoassay using the ACTH radioimmunoassay kit (CIS). The serum was used for ACTH assay as no significant difference was observed in the ACTH values between serum and plasma. Serum corticosterone was measured by fluorescence spectrophotometry.
Samples were extracted by CHCl3, and the corticosterone fluorescence in the sulfuric acid reagent was measured by a fluorescence spectrophotometer (Guillemin et al., 1959 in the medulla oblongata was significantly increased at 15 and 30min. Norepinephrine and epinephrine concentrations in the medulla oblongata did not show a significant change (Fig. 4) .
CRF, ACTH and corticosterone after coldrestraint stress
As in ether-laparotomy stress, the hypothalamic IR-CRF concentration was significantly reduced to less than half of the 0 level was significantly reduced at 60 and 180min, but the dopamine level was slightly, but not significantly increased at 180min. The epinephrine level did not show a significant change.
On the other hand, the catecholamines in the medulla oblongata did not change throughout the period of stress (Fig. 7) .
Discussion
Data concerning the changes in CRF concentrations in the rat hypothalamus during stress are controversial.
Hypothalamic CRF levels were increased (Hiroshige et al., 1969; Vernikos-Danellis, 1965) or not increased (Sirett and Purves, 1973; Yasuda and Greer, 1976) after acute stress. Such a difference may be due to the use of different bioassay systems. Bioassayable CRF in the hypothalamus is composed of many substances with ACTH releasing activity (vasopressin, angiotensin, norepinephrine, epinephrine, etc.) as well as the authentic CRF. Therefore, in the present study, CRF was measured using rat CRF radioimmunoassay. In ether-laparotomy stress, the hypothalamic IR-CRF concentration showed a rapid and remarkable increase 2.5min after stress onset, followed by a rapid reduction at 15min. A similar reduction was also observed at 15min in cold-restraint stress. This rapid change under stress is fairly consistent with the data of Hiroshige et al. (1971) , using CRF bioassay, in which the hypothalamic CRF content in the adult rat increased 2min
after the start of etherlaparotomy stress, followed by a reduction at 20min. Serum ACTH and corticosterone concentrations reached peak levels at 15 SUEMARU et al. Endocrinol. Japon. October 1985 and 30min, respectively. These prompt changes in IR-CRF, ACTH and corticosterone concentrations suggest that hypothalamic IR-CRF plays a major role in stimulating ACTH secretion in stress. And moreover, these prompt changes in IR-CRF levels may indicate a rapid excess synthesis or processing of CRF and a subsequent excess release in the hypothlamus, since the change in the hypothalamic CRF concentration is a net balance between CRF synthesis and release.
One hour after the start of stress, both the synthesis and the release of CRF seemed to be equally accelerated. Three hours after cold-restraint onset, the synthesis of CRF might exceed its release. In this study, the IR-CRF concentration was measured in the whole hypothalamus as it contained CRF neurons which secreted CRF into portal vessels, although the IR-CRF concentration was different in the median emience from that in the rest of the hypothalamic tissue.
The IR-CRF level in the medulla oblongata did not show a similar change to that in the hypothalamus.
This suggests that hypothalamic CRF and medulla oblongata CRF are controlled by different mechanisms.
Many investigators have reported on the relationship between brain catecholamines and stress-induced ACTH secretion. Some have argued that norepinephrine is an excitatory hypothalamic monoamine which releases ACTH under stress, as its content decreases and turnover increases in stress (Smythe et al., 1983) . However, Ganong (1977 , 1980 reported that norepinephrine or its agonists acted as an inhibitor in stress-induced ACTH secretion. Some investigators have reported a reduction in the epinephrine concentration in the hypothalamus and pons-medulla in stress (Kvetnansky et al., 1978; Roth et al., 1982; Sudo, 1983) and others have reported an increased dopamine turnover in caudate, putamen and amygdala (Heffner et al., 1984) or decreased dopamine turnover in the medial palisade zone of the median eminence (Fuxe et al., 1983) .
In the present investigation, the hypothalamic level of norepinephrine was reduced 120min after the start of ether-laparotomy stress, and reduced 60 and 180min after cold-restraint onset. The dopamine concentration in the hypothalamus was increased 120min after ether-laparotomy stress onset and slightly, but not significantly increased 180min after cold-restraint onset. But epinephrine in the hypothalamus did not show any significant change throughout the period of stress. It may be difficult to discuss the turnover rate of catecholamines from our results, as changes in tissue content may be reflected in synthesis, storage, release or inactivation. However, in view of other reports (Palkovits et al., 1975; Smythe et al., 1983; Fuxe et al., 1983; Sudo, 1983) , our results may indicate that the turnover rate of norepinephrine is increased but that of dopamine is decreased in the hypothalamus after acute stress.
But norepinephrine exhibited a delayed response to stress compared with CRF in the hypothalamus.
Therefore, norepinephrine does not seem to be involved in stimulating hypothalamic CRF secretion and the subsequent release of ACTH from the anterior pituitary in the early phase of stress. Palkovits et al. (1975) reported that acute stress (formalin, immobilization and cold) reduced both the norepinephrine and dopamine concentrations in the arcuate nucleus without affecting the median eminence concentrations, considering that utilization (release or axonal transport) exceeds synthesis of both norepinephrine and dopamine following stress, therefore catecholamines, particularly in the medial basal hypothalamus, appear to be involved in the hypothalamic regulation of releasing and releasing-inhibiting hormones. As our study did not detect catecholamine alterations in individual hypothalamic nuclei, our data were not able to be compared with theirs. 
